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ABSTRACT

Starting in 1969 the Phil adel phia Fire Departnment
began the conversion of their fleet of fire trucks from
gasoline to diesel power. No fire station utilized diesel
em ssion control systenms. In 1969 several fire stations
dated back to the first part of the century, and because of
their design, diesel em ssions mgrated easily fromthe
apparatus floor into the offices and living spaces. As a
result firefighters who worked in fire station operating
di esel fire trucks were exposed to diesel enissions. D esel
em ssions contain toxic and carcinogenic products of
conbustion. Firefighters that are exposed to diesel
em ssions in the fire station may face an increased risk of
cancer nortality. For this study we assenbl ed work
hi stories for 6,477 Phil adel phia firefighters, collected
1,222 death certificates, conpiled a history of apparatus
assi gnnment back to the last century and | ocated data on
Phi | adel phia fire conpany responses 1935-1986. Using these
data; we considered lifetime fire station exposure to
di esel em ssions as a risk factor; calcul ated person-years
in each exposure category (zero-exposed, |ow exposed,
medi um exposed and hi gh exposed) stratified across age and
cal endar years; then conpared cancer nortality risk rates

of the four groups to test our hypothesis. Although we



found el evated cancer risk rates for the exposed groups,
none were statistically significant. Diesel em ssion

exposure remains a serious health risk. Fire Departnents
shoul d take steps to elimnate firefighters exposure to

di esel en ssions.
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| NTRODUCTI ON

I n 1969 the Phil adel phia Fire Departnment began to
convert its fleet of fire trucks fromgas to diesel
power. The first punpers were particularly noisonme. I|f
permtted to run inside the station, these earliest
diesels filled the garage (apparatus) floor as well as
i nterconnected areas of the fire station with plunmes of
dar k snoke.

In 1969 many of the fire stations in use pre-dated
the conpletely notorized Phil adel phia Fire Department.
The ol der stations did not have a conpartnentalized
apparatus floor and none of the stations used diesel
en ssion control systems. Because of their tenperature,
and the force at which they are expelled fromthe diesel
engi ne, these fumes rise in the atnosphere and inside a
bui l ding, easily travel beyond the i medi ate area of
producti on. There are thousands of chem cal conpounds in
t hese em ssions, sone of which are respiratory irritants,
toxic or carcinogenic. Firefighters exposed to diesel
em ssions in the fire station nay be at increased risks
of lung cancer, bl adder cancer and | eukemn a.

In this study, we exam ned the nortality risk for
maj or causes of death anong Phil adel phia firefighters who
were exposed to diesel em ssions. For this purpose, we
calculated the estimtes of rate ratios (RRs) for mmjor
causes of death including cancer in the diesel exposed

group relative to the non-exposed group. For lifetine



di esel exposure, four exposure groups were defined:

a) unexposed; b)low (1-259 diesel exposed runs); c) nedium
(259- 1423 di esel exposed runs; c) high (>1423 diesel
exposed runs).

These data are part of a |arger study of firefighter
occupational risk begun in Phil adel phia during 1986 that
we hope to publish later this year. Shelia H Zahm
Sc.D., Senior Research Fellow, Occupational Studies
Branch of the National Cancer Institute, granted ne
perm ssion to use these data to conduct this analysis of
di esel exposed firefighter cancer nortality risk for the
Executive Fire Oficer Program Dalsu Baris, MD., Ph.D.
Epi dem ol ogi st at the National Cancer Institute, produced
t he conparison of Risk Ratio’' s presented in Table |11
This research would not be possible w thout the
expertise, hard work and dedi cation of the researchers at
the National Cancer Institute, specifically Dr. Zahm Dr.
Baris and Ell en Hei neman, Ph. D. Joel L. Telles, Ph.D.

Vi ce- president of the Del aware Vall ey Hospital Council,
worked with me in Phil adel phia from 1984-1994. Hi s
assi stance, especially his expertise in database design,

was i nval uabl e.



BACKGROUND AND SI GNI FI CANCE

Fire departnents throughout the country utilize
di esel engines to power their fire trucks. Today the
fleet of fire trucks used in the Phil adel phia Fire
Departnment (PFD) is exclusively diesel powered. This was
not always the case. It was not until the arrival of the
steam fire engine in 1858 that horses were accepted as a
repl acement for manpower. On Decenber 31°, 1927 the | ast
four fire horses made their final run, ending the non-
notorized era of the PFD (Ri chman, 1971).

For the next forty-two years, gasoline internal
conbusti on engi nes powered Phil adelphia’ s fire trucks. It
wasn't until 1969 that the PFD began to convert its gas
powered trucks to the nore econom cal diesel engines
(Robrecht, 1992)

Wth the conversion diesel engines, the departnent
did not abandon the older fire station. Although after
Wrld War Il many fire station were renovated and
constructed, older fire stations were still in use when
the first diesel trucks arrived on the scene in 1969.
These ol der stations were typically two or three stories
with the apparatus floor, watch desk and kitchen area on
the first floor; and, offices, bunkroom bathroom and
dayroom(s) on the upper floor(s). Stairs and pol es
connected the upper floors to the apparatus floor and
t hese openings permtted diesel em ssions to mgrate

t hroughout the station. Post-WWIIl stations were al npst



all one story and offered varying degrees of apparatus
fl oor conpartnentation (Garrity, 1990).

Al t hough there is no quantitative substantiation,
there are anecdotal reports that the first diesel punpers
used by the PFD produced notoriously dirty exhaust.
Firefighters report the first diesel punpers emtted dark
pl umes of snoke, especially when the engi ne was started
cold. In at | east one older station, firefighters parked
t he di esel punper beside the open stairs to the second
floor. The punpers vertical exhaust stack pointed up the
stairs and di esel exhaust travel ed throughout the second
floor offices and living areas.

Di esel em ssion particulates (soot) are carbonaceous
clusters or chains that are sufficiently small as to be
easily ingested or inhaled (Bernans, Shields, & MArthur
1983). Thousands of chem cal conpounds conprise the gas
fraction of diesel em ssions. Wisenberger (as cited by
the National Institute of Occupational Safety and Heal th
[ Nl OSH], 1992) descri bes how these chenicals, sonme toxic
and ot hers carcinogenic, can be adsorbed onto the diesel
exhaust particle. In turn, individuals exposed to either
the gas or particulate may ingest or inhale carcinogenic
products of combustion (Bernans et al, 1983).

Exposure to diesel emissions in fire stations
may i ncrease the risk of occupationally induced cancer
and other diseases for firefighters. If diesel em ssion

exposure causes firefighters to becone sick, this may in



turn cause an econom c burden to the fire service and the
community we serve, specifically in ternms of increased
use of nedical sick |eave, increased firefighter nmedica
i nsurance cost due to increased utilization and potenti al
Wor kmen’ s Conpansation liability.

The City of Philadelphia is self insured for
Wor kmen’ s Conpensation. |If Philadel phia firefighters are
routinely exposed to diesel en ssions containing
carcinogenic chemcals in the fire station, individuals
who devel op cancer will file Worknmen’s Conpensati on
lawsuits and in all likelyhood win their lawsuits. The
cost ultimately is borne by the taxpayer.

Fire Service executives have a responsibility to
provide a safe fire station work environnent for our
enpl oyees, and reduce the potential liability for the
community. Typically we are the public servants who
enforce public safety laws and codes in our conmunity.
Reduci ng firefighter exposure to dangerous substances,
whenever possible, protects our enployees and the
citizens we serve.

If there is an association between firefighter
di esel em ssion exposure and increased cancer nortality
ri sk, we can use this information to; 1) increase the
exi sting body of information on firefighter occupati onal
risk; 2) informfirefighters of the risk so they night
t ake appropriate nmedical precautions; and, 3) use this

information to convince the City Executives to fund the



t echnol ogy needed to reduce exposure, thus reducing
danger and liability.
LI TERATURE REVI EW

Firefighter Exposure

| ncreased cancer nortality risk from occupati onal
exposure to products of combustion is nothing new. Young
chi mey sweeps in England suffered from unusually high
rates of testicular cancer due to exposure from chi nmey
soot (Landrigan, Gol den & Markowi tz, undated).
Firefighters are exposed to toxic and carcinogenic
products of conmbustion at structural fires when natural
and synthetic materials oxidize. Several epidem ol ogical
studi es suggest firefighters, as a result of their
occupati on, have an increased cancer risk as a result of
such occupational exposure (Landrigan et al). At |east
two states acknow edge this cancer risk with presunptive
wor knen’ s conpensation cancer laws for firefighters
(I'nternational Association of Firefighters [IAFF],
undat ed) .

In addition to fireground exposure to toxic products
of conmbustion, firefighters face exposure to dangerous
products of conmbustion in the fire station. According to
Wei xel dorfer (1992), when a diesel fire truck is started
inside a fire station significant |evels of diesel
en ssions are produced. Philadel phia firefighters usually
start diesel apparatus at the start of each shift and of

course each tinme they respond to a fire or medical



energency. When returning fromthe enmergency the truck’'s
engine runs as it is backed into the station. If diesel
eni ssion control systens are not in place, then each tine
the truck engine runs inside the station, diesel fumes
are produced and rel eased inside that fire station.

A study of New York, Boston and Los Angeles fire
stations using diesel trucks docunented the dramatic rise
in total air-borne particulates inside the fire station
when a di esel engine runs. The study al so reported a
subsequent decline in airborne particul ates, 35-40
m nutes after the engine is shut down. In this study the
researchers sanpled the air inside ten fire stations.
They concl uded that the mmjor contributor to air-borne
particul ates inside those ten stations was diesel
enm ssions (Froines, Hines, Duffy, Lafuente & Liu, 1987).
In a 1992 study of Lancaster, Ohio fire stations, N OSH
reached simlar conclusions.

St udi es confirm anecdotal reports of in-station
di esel em ssion mgration. NI OSH (1992) along with
Wei xi | dorfer (1992) report that diesel em ssions,
produced by trucks running in the fire station garage
area, easily nove through openings in floor and walls
into the other areas of the station.

The | evel of exposure varies dependi ng upon factor
such as station design, diesel em ssion control systens
and the nunmber of vehicles operating. In busy East Coast

fire stations (12 runs per day) researchers nmeasured an



average 300 micro-granms per cubic meter (ug/n?t) of
particulates in the air. OfF these 300 ug/n? of particul ate
the researchers believe, on average, 225 ug/nt of

particul ates and 54 ug/n? of methyl ene chloride
extractabl e material captured were produced by diesel

en ssions. For conparison, the same researchers nmeasured
bet ween 30-120 ug/ n? of particul ates outside the fire
stations in New York and Boston (Froines et al, 1992).

In addition to fire station exposure to diesel
fumes, firefighters operating diesel powered apparatus
and equi pment with ground | evel exhaust in the open air
can be exposed to em ssions(Pfeiffer, 1992). Fire
training facilities may use diesel fuel to train
firefighters in fire extinguishnent. When the fuel burns
it produces carcinogenic products of conbustion.

I nstructors and firefighters in training may be exposed
to these carcinogens (Atlas, Donnelly, Gam & MFarl and,
1985).

On the East Coast during the colder nonths the
nunber of responses appears to have a direct effect on
the | evel of diesel em ssions in fire stations. Sanpling
of New York and Boston fire stations took place in March
and April when the weather was cold with the wi ndows and
doors cl osed. According to the researchers, “there was an
observable trend in the | evels of diesel particulates as
a function of runs. In general, the neasured

concentrations of diesel particulates increased with the



nunber of runs/shifts. In the Los Angeles fire
stations...there was no observable rel ati onship between
t he number of runs and nmeasured total particul ates”
(Froines et al, p.205).

Di esel Em ssion Conposition

Di esel em ssions consist of both gas and
particul ate. The gases are primarily carbon nonoxi de,
nitric oxide, nitrogen dioxide, sulfur dioxide and
hydrocarbons such as ethyl ene, fornal dehyde, nethane,
benzene, benzo(a)pyrene, phenol, 1.3-butadiene,
pol ynucl ear aromati ¢ hydrocarbons (PAH) and acrol ein
(Bernans et al, 1983; Holliday, Sifton, Englehardt,
Langdon & Meng, 1981; NI OSH, 1992; Peters, 1992) Diesel
exhausts contain a nultitude of chem cal conmponents wth
estimtes varying from9,000 to 18,000 chem cal
substances that m ght be adsorbed onto the carbon
particul ate. The particul ates are small and can easily be
i nhal ed or ingested(Bernans et al.; Peters). Gaseous
chem cal will coat the particul ate, and these chem cals
clinging to the carbon core may conprise 15% 65% of the
total mass of this tiny particle (New Jersey Departnent

of Health, 1986).
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Carci nogens in Diesel Enm ssions

Several of the chemicals found in diesel em ssions
are known or suspected carcinogens. The International
Agency for Research on Cancer (1ARC) states that benzene
causes acute nyeloid |l eukem a in humans and i s associ at ed
with causing |yphocytic |leukemia (as cited in Linnet and
Cartwight, 1990; Anmerican Cancer Society, 1997; Ml one,
Koepsel |, Daling, Wiss, Mrris, Taylor, Swanson, & Lyon,
1989) .

| ARC concl udes that PAH causes skin and |ung cancer
and is associated with the pathogenesis of bladder cancer
(as cited in Clavel, Mandereau, Linasset, Henmon &

Cordi er, 1994). Benzo(a)pyrene is an organi c conmpound
found on diesel particulates and belongs to the sane

chem cal as benzene and PAH. Benzo(a)pyrene is especially
problematic in that it is not only carcinogenic, but
interferes with the production of |ung collagen, a
protein that regulates lung cell devel opnent and growth

(Bernans et al, 1983).
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Epi den ol oqi cal St udi es

A series of occupational studies this century such
as Delore and Borgono in 1928, Goguel, Cacigneux and
Bernard in 1967 and Viglani and Forni in 1976 pinpointed
spatio-tenporal clusters of acute | eukem a occurring in
benzene- exposed shoe, |eather, rubber, and rotoprinting
workers in Italy, France and Turkey. WMaternal
occupati onal exposure to benzene is inplicated with
chil dhood acute nyel oid | eukem a (Laval & Tuyns, 1988;
Shu, Gao & Brinton, 1988 as cited in Linet & Cartwi ght,
1990) .

I n a popul ati on-based case-control study of 427
cases of chronic |ynphocytic | eukeni a, Mal one et al.
(1989) reports only a weak association with exposure to
aromati ¢ hydrocarbons. Aromatic hydrocarbons are a
classification of chem cal conpounds that includes the
BTX fraction: benzene, toluene and xyl ene. The aut hor
acknow edges the inprecise nmeasurenent of exposure in
this study, which asked | eukem a patients to estimte
their own exposure |evel.

A case control study of the association of PAH and
bl adder cancer found a relative risk of 2 associated with
j obs invol ving PAH exposure (Bonassi, Pearce, Puntoni,
1989). The results of a 1994 French study supports the
causal rel ationship between occupati onal exposure to PAH
and bl adder cancer risk (Clavel et al, 1994).

In a study of occupational risk factors and bl adder
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cancer in Canada, two occupations (notor vehicle driver
and textile dyers) and one industry (nmotor transport)
were found to have excessive risk to bl adder cancer
However, this sane study found only a slightly el evated
ri sk of bladder cancer for occupational subsets of notor
vehicle drivers exposed to diesel exhausts (Siem atyci,
Dewar, Nadon & Gerin, 1994).

In a case-control study of Teansters, the
researchers observed el evated |ung cancer risks for |ong
haul diesel truck drivers positively associated with
duration of enploynent. The study found only a marginally
el evated risk of lung cancer for diesel nechanics and
slight deficit in risk for dockworkers. Short-haul diesel
drivers, but not gasoline drivers, showed sone evidence
of increased risk. (Steenland, Silverman & Hornung,
1990).

W t hout nam ng specific etiologic agents, a study of
| eukem a incidence in the Portl and-Vancouver netropolitan
area found significantly elevated | ynphathic and
nonl ynphati c | eukem a rates anong a nunber of bl ue-
collar and white-collar jobs including firemen (Murton &
Mar j anovi c, 1984).

I n 1988, NI OSH published Current Intelligence

Bull etin

50 titled Carcinogenic Effects of Exposure to Diesel

Em ssions. This NI OSH report concl uded:
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Recent animl studies in rats and m ce
confirm an associ ati on between the induction of
cancer and exposure to whol e di esel exhausts. The
lung is the primary site identified with
carci nogenic or tunorigenic responses foll ow ng
i nhal ati on exposures. Limted epi dem ol ogi cal
evi dence suggests an associ ati on between
occupati onal exposure to diesel em ssions and | ung
cancer. The consi stency of these toxicological and
epi dem ol ogi cal findings suggests that a potenti al
occupati onal carcinogenic hazard exists in hunman
exposure to di esel exhaust

Tunor induction is associated with diesel exhaust

particul ates. Limted evidence indicates that the
gaseous fraction of diesel exhaust nmay be carcinogenic
as well.(p.25)

In a neta-anal ysis of 23 cohort and case-control
studi es of diesel exhaust exposure and |ung cancer, the
aut hors conclude that the data support a causal
rel ati onshi p between exposure to di esel em ssions and
| ung cancer (Bahita, Lopipero, Smith, 1998).

Debra Silverman (1998) suggests that science has
probably not proven causality for diesel em ssions
exposure and |ung cancer in humans. She provides a strong
arguenment to conduct additional research, “Measuring the
i npact of diesel exhaust is inportant, not only to the

1.4 mllion workers expsoed to diesel exhaust, but also
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to the general popul ation. Exposure to diesel exhaust is
ubiquitous in U S cities, and those who commute on
hi ghways may experience substantial exposure” (p.5).
Firefighters are exposed to diesel em ssions on the
road, at energency scenes, and in the fire station. In
addition they are exposed to toxic and carcinogenic
products of conmbustion at fires. The literature convi nces
me that firefighters are at risk, and that additional
research is inportant, especially research that provides
sem -quantitative exposure data, as attenpted in this

st udy.

PROCEDURES

Firefighter Work Hi stories

The PFD nmmi ntains work records of firefighters
dating back to the turn of the century. These i ndividual
work histories are contained on an Enpl oyee Service
Record (ESR) card about the size of a 5"x 7” index card.
The cards are stored in the Personnel Office of the PFD
The cards contain identifying informati on such as nane,
addr ess, badge nunmber, phone nunber, Social Security
nunber, as well as the dates of all career fire conpany
assi gnnments, comrendati ons and disciplinary information.

The PFD granted pernission to photocopy the ESR
cards with the caveat that disciplinary information would
be masked. We copied over 8,000 ESR cards, using a

systematic quality check procedure (1:5 then 1:10 cards)
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to insure the photocopies were correct. We then delivered
the records to the National Cancer Institute for data
entry.

Because the PFD Personnel O fice used codes on the
ESR cards, we constructed a directory of those ternms and
codes. In the directory we described the el ements on each
card and provided a conplete set of terns and appropriate
abbreviations for the data entry staff.

Data entry teans identified approximtely 950 ESR
cards with m ssing or inconplete information, including
50 cards with all or sone part of the nane m ssing. By
using records at the Fire Acadeny, Fire Miuseum Union
hall and PFD we resol ved over 90% of the probl ens
including the identification of 49 of the 50 cards with
nm ssing names.

The data entry teans, working under the guidance of
t he epidem ol ogi st at the National Cancer Institute,
conpil ed a dat abase of over 54,000 work assignnents for
Phi |l adel phia firefighters. Wth these data we know t he
nunber, type (engine, |adder), position, and duration of
each career assignnent for each Phil adel phia firefighter
in this cohort. We will use this database as the
framework to construct a nore conplete work history. To
this framework we added the type of a apparatus (diesel
or gas) and the average nunber of responses at each
assi gnnment for each firefighter that worked between 1935-

1986.
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Appar at us

M. Jack Robrecht, former curator of Firenmen s Hall
(Fire Museum), mmintained a | og of every fire apparatus
assignnment in the PFD from 1871-1986. M. Robrecht
provided us with a copy of the log and we created a
dat abase of fire apparatus assignnments. Using this
informati on we know the type of apparatus (non-notorized,
gasoline, or diesel) assigned to each Phil adel phia fire
conpany from 1871-1986. Wth these data we attached to
each firefighter’s work history the type of notorized
apparatus, diesel or gas, for each career assignnent.
These data permt us to conpare nortality risk between
two groups: diesel exposed and non-di esel exposed
firefighters.

Fire Conpany Activity

In order to estimate fire station exposure for the
di esel -exposed group, we collected information on fire
conpany activity. If diesel enissions |levels inside the
fire station increase by the nunber of runs/shift, as
suggested by Froines et al. (1987), then the nunber of
career runs a firefighter made at assignnents using
di esel apparatus would be a crude estimte of diesel
eni ssi ons exposure, relative to the cohort.

By searching through records at the PFD, the Fire

Museum and the Union we assenbl ed consi derabl e
information on annual fire conpany responses. Then we

entered the information into a spreadsheet (Runs file),
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and sent the information to the National Cancer
I nstitute. The Runs file provided the annual nunber of
fire conmpany responses (runs) for each fire conpany for
each year, 1935-1986.

NCl adjusted the data by the number of working
pl at oons each year, then attached to each firefighters
work history, the average nunmber of runs the firefighter
made at each career fire conpany assignnent. This
information permts us to total an firefighter’s career
runs with diesel apparatus. This cunul ative nunber of
di esel responses provides a crude estimte of a
firefighters exposure to diesel emssions in the fire
station. Using this estimate we conpared nortality risks
of Philadelphia firefighters with different relative

di esel em ssion exposure.

VI TAL _STATUS

In order to conpare nortality rates of diesel-
exposed and non-exposed firefighters we had to first
determ ne the vital status of the cohort i.e. who is
still living and who is deceased. This was done in
several steps.

We initially separated active firefighter ESR cards
fromretired, and the Board of Pensions provided a |i st
of retired firefighters still receiving pensions. These
two groups, active firefighters and retired firefighters

recei ving pensions were known to be |iving.



18

The Board of Pension granted perm ssion to access
pension records. If the famly of a deceased firefighter
(spouse or dependent children) receives a pension check
a copy of the deceased firefighter’'s death certificate is
in a file at the Board of Pensions. Searching pension
files and Local 22 Firefighters files we obtained over
2,000 copies of death certificates.

Usi ng these copies the National Cancer Institute
(NCl') obtained approximately 1800 origi nal death
certificates from State Bureaus of Vital Records. Wth
access to B.1.R L. (the Departnent of Defense Veteran's
Affairs Beneficiary Information Record Center), the
Nati onal Death Index, Equifax, the Union archives, the PA
Departnent of Transportation and the Phil adel phia Police
and Fire Medical Association researchers at NCI and in
Phi | adel phia determined the vital status of 89% of the
total cohort and 96% of the firefighters who worked for
t he PFD between 1930-1986. Overall 1,196 persons were
lost to follow up. Table 1 shows the success of the

tracing.

Table |I: Tracing of Philadel phia Firefighters.

Year Hired Cohort Size % Successful ly
Traced

1880 + (Total) 8,501 89

1910 + 8,130 91

1920 + 6, 860 95
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1930 + 4,908 96
(Zahm 1994)
Met hods

To test the hypothesis that firefighters exposed to
di esel em ssions in the fire station have an increased
ri sk of cancer, we included 6,477 firefighters who were
hi red between 01/01/1936 and 12/31/85 in our analysis. W
considered lifetime diesel exposure as a risk factor, and
for each firefighter, we cal cul ated person-years in each
of the exposure category stratified across age and
cal endar years. Diesel exposure was treated as a tine
dependent variable. This neans that firefighters noved
from one exposure category to another over their foll ow
up period instead of being assigned to a fixed category
of exposure. This allowed firefighters to contribute
their person-year experience at different ages and
cal endar years progressively through ordered categories

of exposure. The exposure categories are in Table I1I.

Table I1. Exposure Categori es.
Zero Low Medi um Hi gh
Exposed Exposed Exposed Exposed
Di esel 0 1- 259 259- 1423 >1, 423
Runs
FF Deat hs 836 126 130 130

We calculated rate ratios (RRs), and 95 % confi dence
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intervals (Cl) for each major cause of death. The RRs
(also referred to as a risk ratio or relative risk)
permts a conparison of risk in the exposed categories
relative to the

unexposed.

RESULTS

Table 111 (Appendi x), prepared by Dr.Baris, lists
the RRs for each major cause of death by exposure
category. In each colum below the "O' is the nunmber of
observed deaths for each cause. The nunber in parenthesis
besi de each RR is the 95% Confi dence Interval (Cl). The CI
informs us of the reliablity of the RR

There was no evidence of increased overall nortality
and all cancers conbi ned anong Phil adel phia firefighters.
The RR for all causes of death and for all cancer were
ei ther bel ow one or close to one in all exposure
categories. There appears to be an increase in risk for
t he medi um exposed group, when conpared to the | ow-
exposed group, for |eukenm a, nmalignant neoplasns of brain
and nervous system There are elevated risks for prostate
cancer in all three exposed groups. Although the RRs were
el evated for these causes, the results were not
statistically significant. Having very snmall nunber of
observed specific cancer deaths in the exposed categories
resulted in unstable RRs with wi de confidence intervals.

This made it very difficult to reach any neani ngf ul
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concl usi on whet her di esel em ssions associated with any

excess nortality for a specific cancer site.

DI SCUSSI ON

Qur results showed no evidence of increased overal
nortality. The RR for all causes of death and for al
cancer were either bel ow one or close to one in al
exposure categories. This study may very well be the
first attenpt to estimte career cunul ati ve exposure
| evel s for diesel em ssions for a | arge cohort of urban
firefighters. This nmay also be the first attenpt to
eval uate the risks to diesel eni ssions exposure for
firefighters. As with any first attenpt there are
unf oreseen probl ens.

Ot her studies of occupational groups exposed to
di esel em sssions have found el evated cancer risk. In a
study using data fromthe American Cancer Society, truck
driver with | ong-duration exposure to diesel eni ssions
had an el evated risk of lung cancer. The sanme study found
t hat exposure to diesel en ssions produced increased |ung
cancer risk, regardless of the occupation (Boffeta,

Stell man, Garfinkle, 1988).

St eenl and (1990) suggested that teansters with | ong-
term enpl oyment as | ong-haul truckers after 1959 had an
increased risk of lung cancer that increased with
duration of enploynent. Two ot her case-control studies

have i nplicated diesel exposure with increased cancer
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ri sk (Jensen, Wahrendorf, Knudson, & Sorenson, 1987;
Si |l ver man, Hoover, Mason, & Swanson, 1986).

VWhen we conpare Steenland’s study to this study,

several shortcom ngs in our study are obvious. First
there is the short period of diesel exposure for
firefighters. Diesel trucks were introduced into the PFD
in 1969. In the trucking industry diesels were introduced
in the 1950°s and 1960's. This occurred even earlier in
the Western United States. By 1961 di esel trucks

out nunmber ed gasol i ne powered heavy trucks in new truck
sal es (Motor Vehicle Manufacturers Association, 1992 as
cited in Steenland et al., 1990). Teansters had a | onger
opportunity for exposure. Steenland et al. found that
bot h | ong- haul and short-haul diesel truck drivers showed
i ncreased cancer risk with increased years of exposure.
Longer exposure for Philadel phia firefighters may nmean an
i ncreased cancer risk.

O her limtations of our study are the small nunber
of observed deaths and the short period (17 years) since
first exposed. This nmay be too short of a |atency period
for the cancers associated with di esel exposure to
influence nortality rates.

Ot her factors such as fire station design wl
effect firefighter exposure to fire station diesel
enm ssions. There are at |east three distinctly different

types of fire station designs in Philadel phia. Exposure
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levels will vary at different stations. W' ve already
added informati on on station design categories to the
dat abase. We can utilize these additional data to refine
and i nprove exposure estimtes for future anal ysis.
RECOMVENDATI ONS

Qur results did not show any excess in overal
nortality associated with diesel exposure. The results of
for specific cancer risk from di esel exposure are
i nconcl usi ve because of the small study size and | ack of
statistical power. These data do not permit us to
conclude that firefighters face an el evated cancer risk
due to diesel em ssions, and perhaps even nore
i nportantly, they do not support a conclusion that
Phi | adel phia firefighters are not at risk. Larger studies
and studies with |Ionger follow up periods are required to
obt ai n neani ngful results.

The literature review was conclusive. Diesel
eni ssions contain toxic and carcinogeni c products of
conbusti on. Carcinogens such as benzene, found in diesel
en ssions, have a |long history of causing occupational
cancer. There are no acceptabl e personnel exposure |evels
for carcinogens. |If we |ook at the body of research on
ani ml and human exposure to diesel em ssions, it is
| ogical to conclude that |long term exposure to diesel

em ssions is likely to result in a carcinogenic effect.

The Fire Service is not likely to abandon the diesel



24

engine in the near future. The newest | adders placed in
service this week in Philadel phia are all diesel powered.
I n NFPA 1500, the National Fire Protection Association
directs fire service managers to exhaust diesel em ssions
fromfire stations. The technol ogi es existing today
permt us to all but elimnate diesel enissions fromthe
fire station. The American Fire Service should use this
technology to end firefighter exposure to diesel

enm ssi ons.
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APPENDIX

TABLE II1 : Rate Ratios (RR) and 95 % Cls for Major Causes of Death Among Philadelphia Firefighters: 1935-1986 by Number of Lifetime Runs with Diesel Exposure (N=6,477)

Non-exposed
(Zero exposed runs)

Low

1-259 exposed runs

Medium

259-1423 exposed runs

High

>=1423 exposed runs

Cause of Death 0 RR (o} RR (95% CI) o RR (95% CI) 0 RR (95% CI)

All causes (001-999) 836 1 126 0.86 (0.71-1.04) 130 0.74 (0.61-1.04) 130 0.68 (0.54-0.85)

Malign neoplasms (140-209) 217 1 37 1.02 (0.72-1.44) 43 0.99 (0.70-1.39) 31 0.74 (0.48-1.14)
Buccal cavity and pharynx (140-149) 3 1 2 3.51 (0.58-21.35) 3 3.31(0.61-17.87) - -
Esophagus (150) 2 1 1 2.70 (0.24-30.34) 1 1.74 (0.15-20.79) 2 3.43 (0.35-34.14)
Stomach (151) 5 1 2 2.33 (0.43-12.67) - - -
Large intestine ( 153) 36 1 5 0.79 (0.31-2.03) 0.24 (0.06-1.00) 4 0.44 (0.14-1.43)
Rectum (154)- 3 1 2 3.72 (0.61-22.58) 1.33(0.13-013.74) - -
Liver (155-156) 4 1 - - - - - - - -
Pancreas (157) 13 1 3 1.31 (0.37-4.64) 1 0.36 (0.04-2.88) 0.76 (0.13-4.36)
Larynx (161) 3 1 - - - - - - -
Lung (162) 70 1 10 0.84 (0.44-1.64) 17 1.26 (0.73-2.19) 12 1.13 (0.56-2.26)
Cancer of skin ( 172-173) 5 1 - - 1 0.55 (0.05-5.62) 1 0.15 (0.00-2.26)
Prostate (185) 9 1 5 2.66 (0.82-8.62) 3 2.32(0.62-8.76) 2 3.13 (0.62-15.88)
Bladder (188) 5 1 1 1.34(0.16-11.70) - - - - -
Kidney (189) 7 1 0.78 (0.09-6.40) - - - 1 0.53(0.51-5.48)
Brain and nervous system (191-192) 3 1 1.80 (0.19-17.50) 3 4.58 (0.79-26.40) -
Non-Hodgkin’s lymphoma (200, 202) 13 3 1.05(0.25-4.41) 1 0.24 (0.02-7.98)
Multiple Myeloma (203) 3 } 2 5.28 (0.73-38-42) 1 2.78 (0.16-47.83)
Leukemia (204-207) 7 1 0.94 (0.12-7.72) 3 2.49 (0.55-11.29) 2 1.63 (0.21-12.77)

Benign neoplasms (210-230) 7 1 - - 1 0.51 (0.05-4.92) 0.44 (0.03-6.32)

Allergic, endocrine & nutritional diseases (240-279) 12 1 3 1.48 (0.41-5.32) 1 0.38 (0.05-3.13) 0.23 (0.02-2.61)

Nervous system diseases (320-389) 7 1 2 1.88 (0.38-9.23) - - -

Circulatory diseases (390-458) 427 1 55 0.76 (0.60-1.00) 43 0.53 (0.39-0.74) 47 0.63 (0.44-0.89)
Atherosclerotic heart diseases (410-414) 312 1 40 0.75 (0.54-1.04) 30 0.51 (0.35-0.75) 37 0.69 (0.46-1.02)
Vascular diseases of CNS (430-438) 47 1 3 0.38(0.12-1.22) 3 0.33(0.10-1.09) 4 0.45 (0.14-1.50)
Respiratory diseases (460- 519) 27 1 6 1.32 (0.55-3.20) 7 1.45 (0.61-3.43) 6 1.46 (0.52-4.13)
Emphysema (492) 2 1 2 6.05 (0.85-43.24) - -

Digestive system diseases (520-577) 52 1 5 0.56 (0.22-1.40) 11 0.98 (0.50-1.97) 6 0.45 (0.16-1.24)
Gastric and duodenal ulcers (531 -553) 4 1 1 1.49 (0.17-13.36) 1.96 (0.19-20.31)
Cirrhosis of liver (571) 35 1 2 0.31 (0.07-1.29) 8 0.82 (0.36-1.89) 0.21 (0.05-0.82)

Genitourinary disease (580- 629) 8 1 1 0.84 (0.10-6.86) 1 1.10 (0.13-9.04)

All external causces of death (E800-E998) 59 | 8 0.80 (0.38-1.70) 11 0.55(0.26-1.13) 27 0.53(0.20-1.08)
All accidents (E800-E949) 38 1 4 0.72 (0.26-2.06) 7 0.80 (0.32-2.01) 19 1.04 (0.42-2.57)
Suicide (E950-E959) 17 1 4 1.03 (0.34-3.14) 0.08 (0.01-0.70) 4 0.10 (0.02-0.42)
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